Abstract-High system throughput and fairness among the users seem always two contradictory aspects in multi-user system. Using multiple antennas offers opportunity to alleviate this contradiction. This paper provides an enhanced sub-channel scheduling scheme using random beamforming. A realizable system structure is given. Random beamforming fluctuates the channels and provides more opportunity for the users in the poor condition. Sub-channel based scheduling helps to improve the efficiency of the resource assignment. We also investigate the effects of some key factors on the random beamforming system. In the evaluation of different schemes, the paper takes into account not only throughput but also fairness performance. It is shown that given limited quantities of feedback information, the proposed scheduling strategy achieves remarkable compromise between throughput and fairness in multi-user system.
I. INTRODUCTION
Technique of multiple antennas is one of the most inspiring techniques of wireless communication due to their great potential communication capacity [1] [2] . Lots of researches are focused on the link level of single user. Recently, researches of Multiple Input and Multiple Output (MIMO) in multi-user environment are paid more attentions. MIMO has been used in 3G or 3G beyond wireless system, which are typical multiuser environments. In High Speed Downlink Packet Access (HSDPA) system [3] , multi-users share the downlink high rate channel in time domain. MIMO is one of the key techniques in the system.
In theory, multi-user MIMO system could achieve better performance than single-user system. Although capacity of MIMO Broadcast Channel (BC) is still an open problem, with so-called "writing on the dirty paper", large attainable capacity can be proved [4] . However, complicated encoding or substantive feedback information is involved.
In practical multi-user environment, proper channel scheduling among users is an important way to help to achieve high capacity. If BS assigns the channel to the users with the best channel quality to maximize the throughput of the system, it may arise great unfairness in the users. Round robin strategy, which assigns the channel randomly to the users, is introduced to improve the fairness. However the achievable capacity is rather modest. In MIMO scenario, this kind of contradiction between throughput and fairness also exists. Especially, most MIMO techniques are only applicable in slow fading channel due to requirement of accurate channel estimation or feedback of channel state. Some percents of users may always stay in the poor condition, which sharpens the contradiction. Given all the channel states at the Base station (BS), [5] performs joint power control and transmit beamforming at BS to guarantee the users' target SINR efficiently. But this, even for sub-optimal solution, requires sophisticate computation and excessive amount of feedback from all the users, which cost too much.
Different from above methods, in this paper, space multiplexing is used to provide multiple parallel sub-channels and an enhanced scheduling strategy of sub-channel based selection is provided to alleviate the contradiction. The basic idea lies on the much simpler conception of random beamforming, which is introduced in [6] [7] . BS multiplies its transmit signal vector with a pseudo-random matrix known to all the users, which allows BS to pour its power in different space direction randomly. Users estimate the effective channel qualities and feed back to BS, which costs much less than feeding back all the channel coefficients. Different from [6] [7] ,in the proposed schemes,the shared resource is assigned at the granularity of sub-channels instead of at the granularity of users. This subchannel based scheduling together with random beamforming increases more of the poor user's opportunity of using channel and is able to achieve better throughput and fairness as shown in simulation result. Furthermore, in the paper, it's found that if only a small part of effective qualities of "good" channels are fed back, the system performance will be little deteriorated. This will further save a great deal of feedback payload in uplink. In [6] , a linear receiver similar to match filter (MF) is used. However, in this paper it is shown that the MF receiver degraded throughput performance. Since MIMO space multiplexing is employed, minimum mean square error (MMSE) receiver is found necessary in the scheme due to its ability of interference restraint. This paper is organized as such. System model is introduced in section II. In section III, the sub-channel based scheduling scheme is proposed. The performance is evaluated in section IV before the conclusion of section V.
II. SYSTEM MODEL
In the downlink of a MIMO system, there are K Mobile station(MS) users. MS k has N k receive antennas. M transmit antennas is assumed at the BS. BS transmit signals on M transmit antennas as S(t) = [s 1 (t), s 2 (t), ..., s M (t)] T = P (t)X(t) , where P (t) is a power assignment matrix.
T is the M independent data streams with E{X(t)X(t) H } = I M ×M . During time slot n(the slot length is T ),the signal received by MS k can be denoted as a
where
10 donates the fading concerned with kth user's location. d k is the distance between the user k and BS and D is the radium of the cell. γ is the space fading parameter (here is taken as 4) and η k is a Gaussian random variable to describe the shadowing effect of user k with distribution of N (0, √ 8dB). H k (n) is the N k × M channel matrix and assumed pseudo-static in time slot n. The coefficient of the channel between the j th transmit antenna and the i th receive antenna is h ij (n). In space dimension, it is assumed random variable with independent identical complex Gaussian distribution with each dimension of N (0, 1/2). The channel is assumed frequency flat fading. However, due to slow fading, they may be correlative in time dimension and the correlation time is much longer than a symbol duration. Jake's fading model [9] is used to describe the distribution in time domain. W k (t) donates the additional white complex Gaussian noise at the receiver with the distribution of
At the boundary of the cell, for any receive antenna branch, the average signal noise ratio is SNR.
III. SUB-CHANNEL BASED SCHEDULING SCHEME USING RANDOM BEAMFORMING

A. Sub-channel based scheduling scheme using random beamforming
Equal power is assumed to assign to each independent data stream in this scheme. In the time slot n, the transmit signal is multiplied with a random M × M matrix B(n) before transmitting [7] .
To keeping total transmit power constant, it must be tr{B(n)B H (n)} = M , where tr{A} is trace of matrix A. Through random beamforming, the user sees an equivalent joint channel:
For high data rate communication, in a time slot, there are plenty of data symbols. Given equal power assignment, the capacity may be given by,
achieves the maximum capacity with no channel state information at transmitter. Thus for any single user, using B(n) as a unitary random matrix is a good choice. In the proposed scheme, B(n) is generated by a pseudo-random unitary matrix generator at BS and BS uses matrix sequentially, one for a time slot with length of T . All the MS users can synchronize to the pseudorandom unitary matrix generator and know the B(n) for any time slot n. With the aid of the estimation of rather slowly varying channel, users can forecast the future equivalent joint channel and evaluate the channel quality.
Many receiver structures can be used in MS. In nth time slot, we use linear receiver as in [8] .
where for match filter(MF) receiver, [7] use a receiver similar to MF. However due to the weak ability of anti-interference of MF, system performance is degraded very much when using MF. Since multiplexing property of MIMO is used, anti-interference is a key way to achieve high capacity in multi-user environment. Minimum mean square error(MMSE) receiver is employed due to its superior potential to restrain both interference and noise.
As shown in the later simulation result, MMSE receiver presents more throughput than other receivers. After linear processing, the MIMO channel can be decomposed as M parallel sub-channels. It should be noted that this scheme is independent from number of receiver antennas. That means the scheme inherently supports simple coexisting of users with different receiver antennas, which is usual in the practical systems. However, the number of receiver antennas affects the radio link performance. The equivalent post processing SINR of the qth sub-channel of user k is given by,
If MIMO channel resource is assigned to one user at one time slot, with equal power assignment, the potential throughput of user k is given by,
The potential throughput can be used as channel quality indicator, which is feedback to BS. BS can assign the channel to the user with the maximum potential throughput. In this MIMO system, it is worth paying attention to the fact that the M sub-channels can be assigned independently. If we assign channel in the granularity of user, it can be observed that not all the sub-channels of the winner user are the best for transmission in their sub-channels. Filling all the power to the sub-channels of the winner user is clearly inefficient. In this paper, resource assignment is executed in the granularity of sub-channels. The user k only feeds back the M SINRs of the M sub-channels to BS, which costs less than feeding back all the N k × M channel coefficients. The BS assigns sub-channel q to user k *
where,
is defined as bearing vector to donated the destination of the M transmit data. Bearing vector needs broadcasting in the system beforehand. When MS k finds that for any q, k * q (n) = k, then it will apply (6) to obtain its signal on the q th sub-channel in n th time slot. Maybe more than one sub-channel is serving for a MS. They can be processed independently or cooperatively in MS receiver. The system implementation with sub-channel based scheduling is given in Fig.1 .
B. The role of power control in the scheme
If power control [5] is used here, at one time slot the sub-channels assigned for different users may have different transmit power. This will degrade system performance for the inaccurate channel quality estimation which assume equal power assignment as (8) . So power control strategy will be careful used in sub-channel based scheduling scheme. If power control is needed, users may be divided into groups. After simple power control process, users with similar transmit power requirement are allowed to assign to the same time slot. Thus the sub-channel based scheduling scheme will still work well. Besides, in TDMA system, without power control, random beamforming technique offers more opportunity to avoid interference among neighboring cells. But these are beyond the scope of this paper. In the paper, power control is not considered. At any time slot we just assume equal power assignment at all sub-channels. This will still lead to many valuable reference for the proposed scheme. It will be shown in the simulation, with sub-channel based scheduling scheme using random beamforming, both throughput and fairness will be improved.
C. Reduction of feedback information
For the joint power control and transmit beamforming proposed in [5] , all the channel states must be feed back to BS, which means uplink must afford communication for M × K k=1 N k coefficients. The proposed scheme using random beamforming need not so much feedback, only M effective SINRs of sub-channels needed for a user.
For the sub-channel based scheduling scheme within a given time period, if the slot time becomes shorter, more random matrix will be used to offer more opportunity for all the users. The performance of throughput and fairness will be further improved. This will, however, result to increased feedback payload in uplink. Fortunately, for the proposed scheme, users need not feed back all the channel quality information. Because the pseudo random matrix is known to all the users and the slowly varying channel coefficient matrix can be estimated, user can forecast the future potential capacity in its every sub-channels and only the effective SINRs of "good" sub-channels together with their sub-channel index and time index are fed back, uplink payload will be reduced. For user k, if a sub-channel with SINR greater than a threshold µ k (n) for time slot n, it is called "good". The threshold may be obtained from the statistic quality of all the sub-channels of user k in a past window with length of W .
2 are the average and deviation of effective SINRs respectively. ratio in (12) is a factor to control how "good" a sub-channel must be if it can be regarded as candidate of the sub-channel in time slot n.
For the n th time slot assignment, the BS sees β k,q (n) > 0 if user k feeds back the quality of its q th sub-channel, otherwise β k,q (n) = 0. BS performs scheduling as usual.
In random beamforming, user's sub-channels are fluctuated manually. The sub-channels with weak quality inherently have little chance to be used. So without feeding back their state, it will save uplink payload and do little harm to the system performance, which will be shown in the simulation result.
IV. PERFORMANCE EVALUATION
A. Evaluation criteria
To evaluate scheduling schemes of multi-user system, two parameters are necessary to be taken into account simultane-ously.
1. System throughput In slow fading environment, the capacity is often described by the outage capacity. However for simplicity, average capacity of system is also employed as evaluation parameters. C assiged k (n) is the achieved throughput of user k in time slot n. In the system level, the achieved throughput equals,
The average is calculated on the ensemble of J k (n) of all the users.
In the scheme of scheduling at the granularity of user, at one time slot only one user uses channel and the system throughput is,
In the proposed scheme of scheduling at the granularity of sub-channel, the system throughput is,
(15) It can be proved easily that,
Fairness Factor
Fairness is a short-time feature of the scheme. So in a time window with length of T w , we define the user cumulated achieved throughput as
Define the mean of the cumulated throughput of all the users as,C
In time slot n, fairness factor is defined as the normalized standard square deviation.
Large F (n) indicates unfairness in the system. Fairness is an important parameter in the evaluation of multi-user system.
B. Simulation condition
We use some parameters similar to that in HSDPA. We suppose all the users are moving slowly, with speeds uniformly distributed in [0, 3km/h] and with random locations distributed uniformly in the cell. The carrier frequency is 2GHz and the scheduling time slot T = 0.667ms. At the BS, 4 antennas are used to bear 4 independent data streams. Fig.2 compares the performance of schemes using different receiver structure and different receiver antennas. The left subfigure shows the average throughput defines in (13) and the right one demonstrates the fairness factor performance defined in (19) with T w = 64. "U+RB" donates the scheme with scheduling at the granularity of user using random beamforming technique. "S+RB" is the same excpet scheduling at the granularity of sub-channel. It is evident that MMSE outperforms the ZF receiver and MF receiver in both schemes due to its powerful ability to restrain the interference between sub-channels as well as noise. Thus MMSE is necessary for the proposed schemes. We also observe that more receiver antennas on the MS users will help to achieve more benefit as expected. The fig3 compares the performance of different scheduling schemes. The impact of number of users is also investigated. In the figure, "Rand" and "RandS" are two random schedulers. The former randomly selects user to use the channels at a time slot and the later randomly chooses sub-channels. "MaxU" and "MaxS" are two scheduling schemes used in a system without random beamforming technique. "MaxU" chooses the user with maximum potential throughput at any time slot while "MaxS" selects the best for any sub-channel among users. "U+RB" and "S+RB" are corresponding schemes using random beamforming technique.
C. Simulation result
From the figure, without random beamforming, round robin strategies provide best fairness at the cost of much decrease of throughput. All the schemes scheduling on the level of subchannels out-perform that on the level of user, which shows the importance of sub-channel scheduling in the sharing resource assignment. With random beamforming, although little extra throughput is gained compared with non random beamforming scheme, fairness can be improved greatly, which is deserved.
We also note that with more users in system, all the schemes except random ones achieve more throughput as the order of multi-user diversity is getting larger. However, because more Fig. 3 . The achieved throughput and fairness with different users users join together to share the resource, the fairness factor becomes large and system experiences more unfairness. This is because that number of users stay in the poor condition increases with high possibility. Now random beamforming technique is necessary to alleviate the unfairness. From the figure, sub-channel based scheduling scheme with random beamforming keeps the best balance between maintaining fairness and achieving high throughput in all the schemes. Fig.4 shows the saving of uplink payload for the scheme proposed in the paper. From the figure, we see that with factor ratio in (12) increasing, less sub-channel quality information needs to be fed back while the performance degraded little. From the simulation scenario, in the proposed scheme, if 0.3% throughput loss is permit, assuming ratio = 1.2, 90 percents of payload in uplink feedback channel will be saved. This is benefit for competition-based uplink access channel or interference dominated uplink channel.
D. Future research
In the multi-cell environment, random beamforming with sub-channel selection inherently offers the possibility of alleviation of co-channel interference from neighbor cells. This is left for further research. With the grouping power control, the system will be more complicated and leave some problems.
In addition, in (5), we see, for the scheduling at the granularity of a user channel, unitary random matrix is optimal in average mean. But for the scheduling at the granularity of a sub-channel, whether it is still optimal is uncertain, which needs more investigation.
V. CONCLUSION
This paper provides an enhanced sub-channel scheduling scheme using random beamforming. We investigate that the system performance not only from the aspect of throughput but also fairness among the users. The simulation result shows that the proposed schemes achieves remarkable compromise between throughput and fairness in multi-user system compared with other schemes, even with limited feedback information.
